He studied medicine at Louvain, receiving his degree in 1753, proceeding to further study at Leiden and Edinburgh in the following two years after which he took up practice in Breda. But with the death of his father in 1764 he 40 Hampstead Way, London NW11 7JL, UK Figure 1 Jan Ingen-Housz. Line engraving by D Cunego, 1769 (courtesy of the Wellcome Institute Library, London) inherited much of the family estate and was able to travel first to Edinburgh and then to London where Pringle, now physician to the Queen and Fellow of the Royal Society, was able to act as his mentor, introducing him to important medical and scientific figures of the time. Among these were John and William Hunter, Joseph Priestley, and Benjamin Franklin (who was on a visit to London as emissary of the American colonists). Franklin was to remain a friend for the rest of his life. SMALLPOX 
INOCULATION
The technique of inoculation against smallpox with lymph from smallpox patients was already known in England by the early part of the eighteenth century. In 1721 Lady Mary Wortley Montagu, wife of the ambassador to Turkey, brought back the Turkish method and made the technique better known in England3. However, despite royal approval it did not receive widespread enthusiasm because the deep incisions made by the English practitioners sometimes resulted in severe smallpox infections and even death. In 1757 it was a Suffolk surgeon, Robert Sutton, and later his more famous son Daniel, who made the technique much more acceptable and less dangerous by using superficial scarification with small amounts of lymph. They charged a substantial fee for inoculation, requiring their clients to undergo a residential period of two weeks during which they rested and received purgation and special diet. The Suttons claimed a high success rate with almost no mortality and, realizing the risk of spread of the induced smallpox, they would attempt to inoculate the whole of a local community. It was because of the modifications which the Suttons introduced that inoculation continued to expand widely in England, and by the 1 760s the country had become the leading centre for the procedure in Europe. Among the many practitioners was the London physician, Dr William Watson, FRS (1715-1787) who, as well as medicine, was renowned for his studies in electricity, for which he received the Copley medal of the Royal Society; his Experiments and Observations on Electricity appeared in 1745. Watson took up the Sutton method of inoculation, simplifying it further by dispensing with the need for residential treatment. In 1762 he was appointed physician to the Foundling Hospital, London, where inoculation against smallpox was compulsory for all the children admitted. Four years later, when Jan Ingen-Housz was in London, Sir John Pringle introduced him to Watson. After their meeting Ingen-Housz became a fervent advocate of inoculation and became involved in carrying out the procedure at the Foundling Hospital where he undertook most of Watson's duties. He soon had an extensive practice in other hospitals as well as private demands for his expertise and in 1768 he joined another well-known inoculator, Dr Thomas Dimsdale (1712-1800), a Hertfordshire physician. Together they inoculated all the inhabitants of two Hertfordshire parishes, Little Berkhampstead and Bayford, to prevent a recurrence of the smallpox epidemic which had devastated these communities three years previously with a 20% mortality. Ingen-Housz describes his experiences in a letter to the pastor of the Wallonian community in The Hague published in 1768. He extols the Dimsdale method, stating that the patients in the programme ranged from 5 weeks to 70 years old and that they included pregnant women none of whom suffered any ill effects. In the letter Ingen-Housz declares his affection for England-'I have been received with politeness, good heart, and sincerity It was later in the same year that Dimsdale went to St Petersburg to inoculate the Empress Catherines, while Jan Ingen-Housz, on the recommendation of the royal physician Sir John Pringle, answered the plea from Empress Maria Theresa to go to Vienna, as reported by Leopold Mozart. He arrived in May and after successful inoculation of the royal children the Empress rewarded Ingen-Housz by appointing him to be court physician and councillor, together with a life-long pension of 5000 gulden a year (about £40 000 in present terms). He was then requested to travel to Florence to inoculate the Emperor Joseph's brother, Leopold, the Grand Duke of Tuscany, and his family, and to teach the art of inoculation in the Hapsburg dominions.
On 25 May 1769, during his absence from England, Ingen-Housz was elected a Fellow of the Royal Society. The citation refers to him as a doctor of physic, now residing in Vienna, physician to her Imperial majesty, gentleman of great merit and well versed in natural knowledge. His sponsors included Sir John Pringle, William Watson and William Heberden. In March 1771 he returned briefly to London to be formally admitted to the Fellowship. The following year he was back in Vienna where he remained for the next 6 years during which time, in 1775, he married Agatha Maria Jacquin, the sister of the famous professor of botany and chemistry Nikolaus Josef Jacquin (1727-1817).
He was now financially independent, and able to pursue his scientific experiments as he wished.
EXPERIMENTS IN ELECTRICITY
Ingen-Housz became interested in the new science of electricity early in his career, influenced by the fact that in London he had met three of the foremost experimenters in the field, William Watson, Joseph Priestley and Benjamin Franklin, with whom he corresponded for many years.
Ingen-Housz contributed five papers to the Royal Society on his studies of electricity and magnetism. The first was in the form of a letter to the President, Sir John Pringle, in which he described his experiments on the electrical discharges from the torpedo fish which he caught off the coast of Leghorn in 17716. He was in close communication with Benjamin Franklin over his views on electrical polarity and in 1778 he returned to London to deliver the Bakerian lecture to the Royal Society entitled Electarical Experiments to explain howfar the Phenomena of the Electrophorus may be accountedfor by Dr Franklin's Theory of Positive and Negative Electricity7. He was the first to devise a system of large rotating glass plates followed by giant pasteboard discs varnished with resin to produce powerful electrostatic generators, the uses of which he again communicated to the Royal Society8. Studies on magnetism (whidi are qualities natural to the English) 14 .
led to a method for stabilizing magnetic needles and to the discovery of the paramagnetism of platinum.
THE DISCOVERY OF PLANT PHOTOSYNTHESIS
Although Ingen-Housz maintained his interest in smallpox inoculation to the end of his days he is most famous, as a scientist, for the discovery of photosynthesis. By 1769 Joseph Priestley had turned from electricity to the study of gases and his work culminated in the discovery of dephlogisticated air (oxygen) in 1774. Ingen-Housz read Priestley's work closely and he too transferred his attention to gases, with particular reference to plant physiology.
It was in England from June to September 1779 at a country house in Southall Green, ten miles from London, that Ingen-Housz carried out 500 experiments, 'working from morning to night', as he relates in his book where he demonstrated clearly for the first time the basic facts of photosynthesis9. He was aware that in 1771 Priestley had shown that plants could restore air that had been made unfit for respiration by combustion. By using the eudiometer devised by the Italian physiologist Abbe Felice Fontana, whom he had met previously during his visit to Florence, and the reaction of oxygen with nitrous air (nitric oxide), Ingen-Housz was able to measure the amount of oxygen that plants produced. But he went much further than Priestley. He showed that only the green leaves and stems of a plant would produce oxygen; the roots, flowers and fruits did not take part. Most importantly, it was light and not heat from the sun which was essential for the process. He demonstrated that plants, like animals, respired, producing fixed air (carbon dioxide), and that during the night they carried out respiration exclusively whereas during daylight the balance was greatly in favour of oxygen production. He maintained that plants could thus be used to manufacture purified air to treat patients with respiratory diseases. These results and their interpretation were hurriedly published in London later in 1779 in his book Experiments Upon Vegetables. . ., which was dedicated to Sir John Pringle: 'no man upon earth can have stronger reasons for a due sense of gratitude than I acknowledge to you'9.
Ingen-Housz then left England for Paris to publish a French translation. His results were not accepted by everyone. Priestley in particular continued to maintain that springwater itself could liberate dephlogisticated air, erroneously discounting the contribution of the green matter which eventually developed in such water. Much of the next 9 years was spent in Vienna where he continued to amass evidence of the correctness of his work on photosynthesis. A further confirmation of his experiments on plants was published in the Philosophical Transactions ofthe Royal Society (1782)10 and a second and more extended French edition of his book in two volumes appeared in 1785.
In 1796 he expressed the novel view that, in the process of producing oxygen, plants actually absorbed carbon dioxide.
THE DISCOVERY OF BROWNIAN MOVEMENT
During his investigations of the green matter (algae) which Priestley had observed to develop in springwater Ingen-Housz discovered that the microscopical examination of small particles in fluid was most satisfactory if thin cover glasses were used. But he then found that even inanimate particles were in a constant state of motion when suspended in a fluid. He states 'one only has to place a drop of alcohol in the focal point of a microscope and introduce a finely ground charcoal therein, and one will see these corpuscles in a confused, continuous and violent motion, as if they were animalcules which move rapidly around'11. In this little-recognized paper Ingen-Housz clearly anticipated the motion of particles in a medium described by Robert Brown 43 years later in 1827.
BOWOOD HOUSE
In 1789 Ingen-Housz left Vienna never to return. It has been suggested that he wished to come to England again for the best environment in which to continue his scientific experiments. But there is also evidence that his marriage to Agatha Jacquin had become very unsatisfactory-'The social charms of the learned physician were not shared by his wife who seems to have been a second Xantippe' (the proverbially bad-tempered wife of Socrates)12. Because of his frequent travels he had certainly left her in Vienna for long periods and this time he went first to Paris, arriving on 15 July only to find the Bastille in the hands of the revolutionary mob. He left hurriedly, perhaps conscious of the fact that he was physician to the Imperial Court of Austria and therefore connected with Empress Maria Theresa's daughter, Marie Antoinette. Worried about revolution in Europe he proceeded to England where he decided to stay.
It was probably in 1779 just before he left England that Ingen-Housz first visited William Petty, Second Earl of Shelburne (1737-1805), at his country house, Bowood, near Calne in Wiltshire. Shelburne was a prominent Whig politician who when he was Prime Minister in 1783 negotiated peace with the American colonies. He made a point of attracting many of the intellectuals of the time to his house and in 1773 he invited Joseph Priestley to take up residence at Bowood where he provided him with a laboratory and equipment; it was here that the discovery of oxygen was made. But in 1780 Priestley left his service and when Ingen-Housz returned to England in 1789 Shelburne, now Marquess of Lansdowne, gave him the same facilities, including the laboratory formerly occupied by Priestley. In
London, Shelburne lived at Lansdowne House in Berkeley
Square where he often entertained the intelligentsia, many of them Fellows of the Royal Society. At one recorded dinner party were, among others, the explorer and naturalist Sir Joseph Banks PRS, the philosopher Jeremy Bentham, and Ingen-Housz. Shelburne said that he always believed Bentham to be the most goodnatured man in the world until he met Ingen-Housz12.
In this environment Ingen-Housz felt very much at home. In his later years he spent much time at Bowood and it was here in 1798 his old interest in smallpox inoculation re-emerged. He now became aware of the new technique of vaccination. In 1798 Edward Jenner (1749-1823) had published An Inquiry into the Causes and Effects of the Variolae Vaccinae, and Ingen-Housz made it his business to inquire among the local Wiltshire farmers about the efficacy of vaccination. On 12 October 1798 he wrote to Jenner stating that he had come across several persons who had contracted smallpox after receiving cowpox, and that he Uenner) should not proceed further until he was more sure of his facts. Jenner, in his reply, asserted that either spurious cowpox was the cause of its failure to produce immunity against smallpox or that putrid lymph had been responsible; fresh genuine cowpox lymph must be used13. Ingen-Housz, sensitive to the fact that Jenner's discovery would completely obliterate his own work on variolation, refused to accept this explanation although he said it was not his intention to enter into public controversy with a man of whom he had conceived a very high opinion14.
Early in 1799 Ingen-Housz became seriously ill and, true to his good nature, he declared his intention of leaving Bowood for fear of giving trouble in his last illness; but Shelburne would not hear of it and induced him to stay. He died there on 7 September and was buried in a vault in St Mary's Church, Calne.
